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A B S T R A C T
The objective of this study was to compare noncontrast computed tomography (NCCT) and computed tomography per-
fusion (CTP) in early diagnosis of acute ischemic stroke and to define influence of these diagnostic procedures on early
outcome of thrombolytic therapy (TLTH). The study included 45 patients, 35 patients submitted to NCCT and CTP and
10 patients who underwent only NCCT, before CTP was introduced. Based on the National Institute of Health Stroke
Scale (NIHSS) score we compared early outcome of patients who received TLTH after NCCT only (group 1) with the
early outcome of patients who received TLTH following NCCT and CTP (group 2). Statistically significant difference
was found in acute stroke diagnosing between CTP and NCCT (p=0.002). There were no statistically significant differ-
ences in TLTH early outcome between group 1 and group 2. In conclusion, CTP should be done regulary in patients pre-
senting with acute ischemic stroke symptoms. More research needs to be done in defining exact influence of CTP imple-
mentation on the TLTH outcome.
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Introduction
Stroke is a heterogeneous syndrome caused by multi-
ple disease mechanisms which all lead to cerebral blood
flow impairment by blockage or rupture of an artery. It
can be classified into two main categories: ischemic and
hemorrhagic stroke. It is a third leading cause of death
and a leading cause of long term disability in industrial-
ized countries and a significant cause of dementia and
depression in adults1,2. It is an urgent condition that re-
quires a prompt patient transportation to an adequately
equipped health institution for early diagnosis procedure
and attendance. Early thrombolytic treatment, within 3
hours of symptoms onset, can restore blood flow before
major brain damage has occurred and could improve re-
covery after stroke3. Early diagnosis is very important in
identification of patients who can benefit most from
thrombolytic therapy (TLTH)4,5. New generation com-
puted tomography (CT) scanners and new software pro-
grams improve identification of normal and disrupted
brain circulation and increase the possibility of acute
stroke diagnosis in earliest phase of circulation impair-
ment. Although, magnetic resonance (MR) is proven to
be more sensitive in depiction of small brain infarcts, CT
of the brain is still the first option in many diagnostic
centers for making diagnosis of acute ischemia and hem-
orrhage exclusion6. In very early phase signs of acute
ischemia are often not perceived on noncontrast CT
(NCCT) because of its limited sensitivity and moderate
interobserver variability in detecting acute infarcts. CTP
can improve diagnostic accuracy over NCCT for patients
presenting with stroke symptoms within 3 hour win-
dow7. The critical value of CTP is its ability to assess
irreversibily infarcted brain tissue (infarct core) and se-
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verely ischemic but potentially salvageable tissue (pen-
umbra). Visualisation of infarct core and penumbra is
achieved by CTP mapping and generating information of
cerebral blood flow (CBF), cerebral blood volume (CBV)
and mean transit time (MTT)8.
We present first experiences with CTP and TLTH in
Split University Hospital Center, Croatia. Our objective
was to compare NCCT and CTP in early diagnosis of
acute ischemic stroke and to define influence of these di-
agnostic procedures on early TLTH outcome.
Materials and Methods
The study included 45 patients with acute stroke
symptoms who presented to the neurologic emergency
department of Split University Hospital Center within 3
hours of symptoms onset. Patients who came after 3
hours, patients with acute infection or history of allergic
reaction to any contrast media were excluded from the
study. There were 35 patients who were submitted to
NCCT and CTP (November 2008 – December 2009) and
10 additional patients who underwent only NCCT since
they were submitted before CTP was introduced.
All scanning was done on Siemens multi-slice computed
tomography (MSCT Sensation 16 Siemens, Siemens AG,
Wittelsbacherplatz 2, 80333 Munchen, Germany). A noni-
onic intravenous contrast media iopamidol (Iopamiro
370, »Bracco«) was administrated with 50 ml for one
bolus per layer (1.layer-basal ganglia, 2. layer-ventricles
lateral roof), at rate of 10 ml/s. Total amount of contrast
media was 100 ml. Contrast media injection took 5–6 sec-
onds total, with a inevitable use of contrast media war-
med approximately to body temperature. Scanning data
processing took about 5 minutes: Cerebral blood volume
(CBV), cerebral blood flow (CBF) and mean transit
time (MTT) were estimated in early CTP diagnosis of
acute ischemia with special attention to presence of in-
farct core and penumbra. Out of 45 patients, there were
23 who received TLTH. In the group 1 there were all 10
patients who received TLTH before the implementation
of CTP, based on NCCT and clinical findings only. In the
group 2 there were 37% (13/35) patients with ischemic
stroke who received TLTH after NCCT and CTP.
Alteplase was used for TLTH (Actilyse, »Boehringer In-
gelheim«, 0,9 mg/kg, 90 mg max).
NIHSS (National Institute of Health Stroke Scale)
score was used as a measure of TLTH early outcome.
NIHSS score was calculated for all patients receiving
TLTH before the therapy, right after, after 24 hours, af-
ter 7 days and at the patient’s discharge. It is a widely
used systematic assessment tool that provides a quantita-
tive measure of stroke related neurologic deficit. NIHSS
provides estimation of stroke severity, determination of
appropriate treatment and prediction of patient out-
come. It includes 15- item neurologic examination which
is simple, valid and reliable tool that can be administered
at the bedside. NIHSS is used to evaluate the effect of
acute ischemia on the levels of consciousness, language,
neglect, visual field loss, extraocular movement, motor
strength, ataxia, dysarthria and sensory loss. A trained
physician rated patients ability to answer questions and
perform activities. Ratings for each item were scored
with 3 to 5 grades taking 0 as normal. NIHSS assessment
of each patient took less than 10 minutes.
All data, including history, were noted into the Mi-
crosoft Excel table. Analysis was done using »Statistica
5.0« program (Statsoft, Tuisa, USA). McNemar test was
applied in describing incidence in stroke diagnosing be-
tween NCCT and CTP. MannWhitney test was used in
comparing outcomes of two groups undergoing TLTH. A
P value of <0.05 was considered significant.
This study is a part of School of Medicine Split, Split
University, project »Early diagnosis and thrombolytic
therapy of acute ischemic stroke« and was approved by
Ethic committee of Split University Hospital Center and
Ethic committee of School of Medicine, Split, Croatia.
Results
A group of 45 patients (26 men and 19 women), age
between 17 and 85 (mean age 64), with acute stroke
symptoms were included in this study.
Ten patients were submitted to NCCT only (group 1).
Five patients, out of 10, had early signs of ischemia on
NCCT scans and five were without any signs of ischemia
or hemorrhage on early NCCT scans but based on the
history, clinical findings and NIHSS scale TLTH was in-
troduced.
Stroke diagnosis, based on CTP, was made in 28 pa-
tients out of 35 who underwent both NCCT and CTP.
Seven patients, out of 35, due to the neurologic analysis,
were later diagnosed with conditions that mimic stroke
(4 cases of TIA with symptoms withdrawal in period of
few hours after onset, 2 cases of epilepsy seizures and
one migraine).
We compared diagnostic accuracy of CTP and NCCT
in the group 2, as these patients underwent both types of
imaging. Based on NCCT, 16 patients out of 35 were
identified as acute ishemic stroke, whereas CTP diag-
nosed 28 of 35 patients: in 12 of 28 patients (43%) acute
ischemic stroke was not recognized by NCCT (Table 1).
There was statistical significant difference in acute stro-
ke diagnosing between CTP and NCCT (p=0.002).
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TABLE 1
DESCRIPTION OF INCIDENCE IN STROKE DIAGNOSING BE-
TWEEN NCCT AND CT
CTP
Ischemia: yes Ischemia: no Total
Ischemia: yes 16 0 16
NCCT
Ischemia: no 12 7 19
Total 28 7 35
McNemar test: ÷2=10.1; p=0.002
NCCT sensitivity (taking CTP as referent method)
was 57.1% (16/28) and specificity was 100% (7/7). The ac-
curacy of NCCT was 65.7% (23/35). Positive predictive
value of NCCT was 100% (16/16), but negative predictive
value was 37% (7/19).
In 15 patients, out of 28 diagnosed with acute ische-
mic stroke based on CTP, penumbra was found and 13
out of those 15 were submitted to TLTH. In one patient
penumbra was not significant, as it was not at least 20%
larger than the area of ischemic core, while second pa-
tient’s overall clinical status was unsatisfactory so these
2 patients did not receive TLTH.
Table 2 includes data on 23 patients who received
TLTH and also early TLTH outcome for each patient
trough the presentation of NIHSS score calculated be-
fore TLTH, right after treatment, after 24 hours, after 7
days and at the discharge. Table also includes informa-
tion of letal outcome placed in the table cell according to
the time of death.
As an example of diagnostic procedure and a result of
TLTH a case of 40-year old patient with left hemiplegia is
presented (Figure 1-5).
Comparison was done between early TLTH outcome
of group 1 and group 2. Although NIHSS scale median
before TLTH, right after, 24 hours after, 7 days after
TLTH and at the discharge was lower in group 2, there
was no statistical significant difference between these
two groups (Table 3). Letal outcome occurred in 2 pa-
tients in group 1 and in 3 patients in group 2.
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TABLE 2
PATIENTS WHO RECEIVED TLTH













01 2 31 m 2 8 5 1 0 0
02 2 81 m 1.5 7 4 0 0 0
03 2 24 f 2.5 15 15 14 letal
04 2 60 f 3 21 16 17 13
05 2 70 m 1.5 16 8 7 7
06 2 58 f 2 7 5 6 6 6
07 2 81 f 2 17 16 letal
08 2 65 f 2.5 18 12 10 10 10
09 2 75 m 1 22 19 20 20 20
10 2 68 m 1 21 19 letal
11 2 66 m 0.5 11 0 0 0
12 2 50 m 2 7 9 11 11 11
13 2 59 m 0.5 15 5 3 3
14 1 78 f 1.5 18 15 letal
15 1 46 f 1 15 15 12 10 10
16 1 65 m 1.5 10 10 12 12 12
17 1 70 f 0.5 14 10 12 12 12
18 1 69 m 1 12 12 15 20 20
19 1 78 f 1 11 7 5 5 5
20 1 68 m 1.5 15 5 3 2 2
21 1 34 m 0.5 12 12 20 23 letal
22 1 67 m 2 12 10 8 5 5
23 1 68 m 2 11 9 7 5 5
f=female, m=male
Fig. 1. NCCT; There are no signs of ischemia on NCCT scan 2
hours after symptoms onset.
Discussion
Although stroke is a clinical diagnosis, results of early
diagnosis are essential in deciding about therapy that
will be applied in the individual case of patient with
ischemic stroke. NCCT is still the first step in many diag-
nostic centers worldwide for patients presenting with
acute ishemic stroke symptoms and for excluding condi-
tions that can mimic ischemic stroke (for example: TIA,
intracranial hematoma, subdural hematoma, cerebritis,
migraine and tumors). The fact that TLTH is being ap-
plied even beyond 4 hours of symptoms onset and also
the fact that signs of early ischemia are often not present
on NCCT scans, as seen in our study, resulted in need for
new functional diagnostic methods that would detect
earliest signs of ischemia and reversibly damaged brain
tissue. This way introduction of TLTH consequently led
to increased demand for early stroke diagnosis and made
hyperacute ischemic stroke one of the most common ur-
gent radiology issues. In fact, early diagnosis has crucial
role in actual TLTH guidelines, but depiction of early
signs of ischemia and hemorrhage on NCCT is necessary
but not sufficient. We should always have in mind that
stroke is preventable and treatable disease and that
rapid treatment after early diagnosis improves stroke
outcome9.
Our research confirms CTP as valuable method in
early depiction of ischemic stroke. Based on our results
there are obvious advantages of CTP over NCCT that are
in accordance with results of other studies10–15. Muir et
al. reviewed NCCT and CTP scans from 52 patients sus-
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Fig. 2. CTP – CBF; Infarct core in right basal ganglia.
Fig. 3. CTP – CBV; Infarct core in right basal ganglia.
Fig. 4. CTP – MTT, Penumbra in the right middle cerebral artery
irrigation area.
Fig. 5. control NCCT; Demarcated infarct in right basal ganglia
24 hours after TLTH.
pected for acute ischemic stroke. Although, some chan-
ges have been noted in brain tissue on NCCT scans they
were not specific and ischemic penumbra and infarct
core could not be identified based on NCCT only16. NCCT
sensitivity in our study was 57.1% which is similar to
55.3% from the Kloska et al. study17. They had false neg-
ative findings on NCCT in 17 patients (out of 41) whe-
reas false negative NCCT result was present in 12 pa-
tients, out of 35 in our study. Lin et al. have shown in
their study that included 100 patients with stroke symp-
toms that CTP had better sensitivity and accuracy com-
pared to NCCT. NCCT sensitivity was 26.2%, compared
to 64.6% CTP sensitivity. NCCT accuracy was 52% com-
pared to 76% of CTP18. According to Koenig et al. CTP
sensitivity was 89%10. In all these earlier mentioned
studies, as in our, NCCT positive predictive value was
100% which means that if NCCT is positive on ischemia,
CTP will also be positive. This does not imply that after
positive NCCT, CTP is unnecessary. On contrary, CTP is
required because of its ability to identify infarct core and
penumbra which can not be done based on NCCT scans
only. Hence, the aim of CTP is to depict penumbra – via-
ble tissue with reduced perfusion – that can be possibly
salvaged with TLTH19. NCCT scans negative on ischemia
do not indicate that there is no ischemia, it might not be
detectable yet for NCCT. Negative predictive value in our
study was 37% which suggests the need to proceed with
CTP after NCCT. Besides helping in making decision
about therapy in acute ischemic stroke, CTP can also
help predict outcome based on extent of brain perfusion
abnormality20–22.
In this study we compared the early TLTH outcome of
10 patients who received TLTH in time period before the
implementation of CTP in standard stroke procedure
(group 1) with the outcome of 13 patients who under-
went both NCCT and CTP (group 2). The statistically
significant difference was not proven between early out-
come of these two groups, although patients who under-
went NCCT and CTP had lower NIHSS median before,
right after, after 24 hours and at the discharge. We did
not find any similar study to compare these results with,
but it would be interesting to see the outcome compari-
son of these two groups when the sample gets larger. We
expect better outcome of patients undergoing both NCCT
and CTP in the future which should be proven in follow-
ing research.
Active treatment of acute ischemic stroke can only be
successful as long as tissue in the area of ischemic com-
promise is still viable. That makes the issue of penumbra
surviving very important. Heiss et al. state that after 6
hours of stroke symptoms onset there is only 20% or less
penumbra area, which implies the need of patients hospi-
tal admission as early as possible23. As the technology ad-
vances new teories arise regarding this matter. Using
PET technology, Furlan et al. determined 30 % of pe-
numbral tissue maintenance up to 7–17 hours24. In fu-
ture clinicians might be able to use the information of
penumbra duration as a more tailored approach in decid-
ing about TLTH for every patient individualy25. Apart
from the early diagnosing CTP is also mentioned in the
literature because of its ability to help in predicting com-
plications in stroke patients. Hemorrhagic transforma-
tion can be a very critical ischemic stroke complication,
especially if following TLTH. Lin et al. concluded that
measuring elevated microvascular permeability in acute
ischemic stroke using first-pass dynamic perfusion CT
imaging can help predicting hemorrhagic transformation
in patients who have greater risk of hemorrhage de-
veloping26. This study is yet another example of CTP
early diagnosis multiple benefit. Unless there is a signifi-
cant penumbra, there is no use of TLTH application, re-
gardless of infarct core or unsignificant penumbra pres-
ence. This way CTP can help in excluding patients with
greater chance of potential complitations. It is necessary
to decide about TLTH application taking all colected data
about each patient in consideration and by all means pa-
tients general status.
In conclusion, it is extremely important to make
prompt early diagnosis of acute ischemic stroke in order
to initiate specific therapy, stabilise patients overall sta-
tus and to start early prevention of potential compli-
tations. Early diagnosis provides in time and quality care
and if the diagnosis is made within 3 hours of symptoms
onset TLTH is possible. This makes CTP multiply useful
which is also demonstrated in this study. Beside reveal-
ing early signs of ischemia, that do not have to be present
on NCCT, CTP is also helpful in deciding about TLTH
application based on presence and size of ischemic pen-
umbra. More research needs to be done on larger sample
in defining the exact influence of CTP implementation
on TLTH early outcome comparing patients who had
CTP done in their diagnostic procedure with those who
have been submitted to TLTH based on NCCT findings
only.
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TABLE 3
COMPARISON OF EARLY TLTH OUTCOME BETWEEN GROUP 1
AND GROUP 2



























































The presented results arise from the scientific re-
search project »Early diagnosing and thrombolytic ther-
apy of ischemic stroke« conducted with the support of
the Ministry of Science, Education and Sports of the Re-
public of Croatia.
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PERFUZIJSKI CT I NEKONTRASTNI CT U DIJAGNOSTICI AKUTNOG ISHEMIJSKOG MO@DANOG
UDARA – IMA LI UTJECAJA NA RANI ISHOD TROMBOLITI^KE TERAPIJE?
S A @ E T A K
Cilj ovog istra`ivanja bio je usporediti nekontrastnu kompjutoriziranu tomografiju (NCCT) i perfuzijsku kompjuto-
riziranu tomografiju (CTP) u ranoj dijagnostici akutnog ishemijskog mo`danog udara i definirati utjecaj ovih dijag-
nosti~kih postupaka na rani ishod tromboliti~ke terapije (TLTH). Istra`ivanje je obuhvatilo 45 pacijenata, 35 pacijenata
koji su bili podvrgnuti NCCT-u i CTP-u i 10 pacijenata kojima je provedena dijagnostika samo NCCT-om u razdoblju
prije uvo|enja CTP-a. Prema ljestvici mo`danog udara National Institute of Health Stroke Scale (NIHSS) usporedili
smo rani ishod pacijenata koji su primili TLTH nakon dijagnostike provedene samo NCCT-om (grupa 1) s ranim isho-
dodm pacijenata kod kojih je TLTH uslijedila nakon NCCT-a i CTP-a (grupa 2). Statisti~ki zna~ajna razlika je dokazana
u dijagnosticiranju akutnog ishemijskog mo`danog udara izme|u CTP-a i NCCT-a (p=0,002). Nije dokazana statisti~ki
zna~ajna razlika u ranom ishodu TLTH izme|u grupe 1 i grupe 2. Zaklju~ujemo kako bi se CTP trebao koristiti redovito
kod pacijenata koji se prezentiraju sa klini~kom slikom ishemijskog mo`danog udara. Daljna istra`ivanja su potrebna
kako bi se definirao to~an utjecaj implementacije CTP-a na ishod TLTH.
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